Abstract: New complex combinations of Os(III) complexed with thiourea and ethyl thiourea, as well as of complex anions of Cr(III) analogues of Reineke's salt, [Cr(CNS) 4 (amine) 2 ] -, where the amine is aniline, benzylamine, morpholine etc., were synthesized. New gravimetric, oxidimetric and spectrophotometric analytical methods are proposed for the determination of Os(III). The experimental data were statistically processed and are not affected by systematic errors.
In 1918, the Russian chemist Ciugaev 1 proved that the reaction of OsO 4 with thiourea in acid medium gave a red combination of [Os(thio) 6 ]Cl 3 . Later, in agreement with Ciugaev's hypothesis, Sauerbrunn and Sandell 2 using potentiometric and spectrometric methods, demonstrated the existence of the [Os(thio) 6 ] 3+ cation in an acid medium.
It was observed that ethyl thiourea gives with Os(III) the same complex cation, [Os(etu) 6 ] 3+ , which precipitates with complex anions such as [Cr(CNS) 6 ] 3-, [Cr(CNS) 4 (NH 3 ) 2 ] -and [Cr(CNS) 4 (amine) 2 ] -(e.g., amine = Py, aniline, imidazole, etc.). [3] [4] [5] All these products are red coloured and are given in Table I 6 Theirpreparation was realised by the method of Turner, Cifford and Rao. 7 Preparation of potassium hexachloroosmiate, K 2 [OsCl 6 ] . 2H 2 O To a 50 mL 2-neck round-bottomed flask equipped with a magnetic stirrer, dropping funnel and a reflux condenser containing 1 g of OsO 4 dissolved in 25 mL of H 2 O were added dropwise 10 mL of concentrated HCl and 5 mL of ethanol. After refluxing for 4 h, the solvent was evaporated until a syrupy mixture resulted and 4 mL of 15 % aqueous KCl were subsequently added to the mixture. 4 was dissolved in a solution prepared from 25 mL of water, 10 mL of HBr and 5 mL of ethanol. The resulting solution was refluxed for 4 h in a 50 mL round-bottomed flask equipped with a magnetic stirrer and a reflux condenser. The mixture was decanted into a porcelain capsule and evaporated on a water bath at 50 ºC. Then, 7 mL of 15 % aqueous KBr were added. The obtained brown complex was filtered through a fritted-glass funnel, washed with cold water, then with 95 % ethanol and subsequently dried in air.
Synthesis of the complexes of Os(III) with the previous mentioned reagents. An aqueous solution of thriourea or ethyl thiourea was acidified with 1 M HCl or 0.5 M H 2 SO 4 and then an aqueous solution of OsO 4 was added. The obtained red solution was treated with a small excess of Reinecke's salt or its analogues. The obtained red-violet precipitates were filtered off, washed with water until the filtrate was colourless. The final products are chemicaly very stable, poorly soluble in water, easily soluble in acetone and alcohol. The elementary analysis of these compounds are presented in Table I . The solubility of the compounds were evaluated by means of the iodatometric approach.
The synthesis of Reinecke's salt, NH 4 [Cr(CNS) 4 (NH 3 ) 2 ], made in accordance with the Reinecke method 8 and the synthesis o the analogues of the Reinecke's salt was realized by the Ganescu method. 9 
Gravimetric determination of osmium after precipitation in the form of [OsTiO 6 ] [Cr(CNS) 4 (NH 3 ) 2 ] 3 (A) and [Os(etu) 6 ] [Cr(CNS) 4 (aniline) 2 ] 3 (B)
A sample of 3-24 g of osmium was treated with either an aqueous solution of thiourea or ethyl thiourea and subsequently 5 mL of 1 M hydrochloric acid was added. To the mixture was added one of the two analytical reagent of Cr(III) dissolved in a 3 % ethanol solution. After 15-20 minutes, the red-violet precipitate of the product was filtered off through a G 4 fritted-glass funnel, washed 2-3 times with 10 mL of distilled water until the filtrate was colourles, then the products were weighed on an analytical belance. The experimental results are given in Table II . To a sample of 3-24 mg of osmium treated with 5 mL of 0.1 M HCl, NH 4 [Cr(CNS) 4 (aniline) 2 ] 3 dissolved in a 3 % ethanol solution was added. The red-violet crystalline precipitate was filtered under vacuum using a 5 cm a Büchner funnel and washed 3-4 times with 10 mL distilled water, until the filtrate was colourless. Both the precipitate and the filter paper were transferred to a Berzelius cup and the funnel was washed with 10 mL of 5 % NaOH and 10 mL of water. The cup was heated until the appearance of the green color of Cr(OH) 3 and free CNS -anions. It was then cooled with tap water and concentrated HCl was added, the quantity being calculated according to the relation: The experimental results are given in Table III . 
Spectrophotometric determination
A sample containing 3-24 mg of osmium was treated with an aqueous solution of ethyl thiourea, acidified with 5 mL of HCl, and then NH 4 [Cr(CNS) 4 (aniline)] dissolved in 2 % hydroalcoholic solution was added. The obtained red-violet precipitate was filtered off using a G 4 filter and washed 2-3 times with 10 mL of water until the filtrate was colourless. The precipitate was then dissolved in acetone, the red-violet solution was transferred to a 50 mL volumetric flask and diluted with acetone to the mark. The absorbance of the solution was measured at 535-540 nm using a Spekol Zeiss Jena spectrometer. The experimental results and their statistic interpretation by the linear regression method 11, 12 are given in Table IV . The statistical analysis presented in Table IV was performed using the following equations:
S(x + y) 2 The linear dependence of the absorbance versus the concentration of osmium is shown in Fig. 1 .
The Lambert-Beer's law was verifiable in the 68.4 to 548 mg of Os ml -1 concentration range. The determined molar absorptivity coefficient, e, was 793.067 L cm -1 mol -1 .
The angle between the two straight lines was very small, the dependence between the absorbance and the concentration of osmium was linear and the correlation coefficient r was 1.000.
CONCLUSIONS
The determination of osmium can be quantitative realized by means of thiocyanatochrome complexes by gravimetric, oxidimetric and spectrophotometric methods. All the experimental data were statistically interpreted. It results obtained by the elaborated methods were not affected by systematic errors and were quite accurate. The employment of these methods in analytic and control laboratories can be recommened. 
